The oral acute toxicity of 3 p-adrenoceptor stimulants, 2 p-adrenoceptor blockers, and 2 anti-gastric ulcer drugs was studied in 8-week old, SD-JCL rats and ICR-JCL mice, fasted overnight for 17-20 hours. The results were compared with those from rats and mice allowed to feed normally. The order of the fed : fasted ratio of LD50 values in rats was pirenzepin < propantheline < pindolol < salbutamol < orciprenaline < fenoterol < bunitrolol, and was in the range I· 3-4· 7. The increased toxicity in fasted animals was considered to be related to acceleration in gastric emptying and intestinal absorption, but not to a general change in the condition of the test system or a decrease in the detoxification ability of the liver because after intraperitoneal administration acute toxicity was similar in fed and fasted rats.
Summary
The oral acute toxicity of 3 p-adrenoceptor stimulants, 2 p-adrenoceptor blockers, and 2 anti-gastric ulcer drugs was studied in 8-week old, SD-JCL rats and ICR-JCL mice, fasted overnight for 17-20 hours. The results were compared with those from rats and mice allowed to feed normally. The order of the fed : fasted ratio of LD50 values in rats was pirenzepin < propantheline < pindolol < salbutamol < orciprenaline < fenoterol < bunitrolol, and was in the range I· 3-4· 7. The increased toxicity in fasted animals was considered to be related to acceleration in gastric emptying and intestinal absorption, but not to a general change in the condition of the test system or a decrease in the detoxification ability of the liver because after intraperitoneal administration acute toxicity was similar in fed and fasted rats.
It is well known that one can tolerate a higher intake of alcohol after a good meal. In spite of this knowledge acute oral LDso values, usually obtained in fasted rodents, are often used as the basis for calculating the high doses for long-term studies in normally-fed animals. Many investigators do not mention whether fed or fasted animals were used, although most investigators prefer to use fasted animals to minimize the influence of diet on toxicity, and so obtain reproducible results. In only a few cases (Schuetz, 1968; Dost, 1978) have comparisons been made of acute toxicity results in fed and fasted animals (Sperling & McLaughlin, 1976) . Because of this it is worthwhile comparing the effect of fasting on acute toxicity in rats and mice.
Materials and methods
The test substances ( Fig. 1) were suspended in a 0·1% aqueous solution of the detergent 'Tween 80' or dissolved in distilled water immediately before administration, and were given by gastric intubation in the morning between 0900 and 1200. For intraperitoneal injection, physiological saline was used (Table 3) .
Sprague-Dawley-derived, random-bred rats (JCL, Kawanishi) and mice (ICR-JCL) were used. The rats were bred in our laboratories, the mice purchased from Clea Japan Inc., Osaka, Japan, 2 weeks before start of Received 11 February 1980 . Accepted 15 May 1981 trial. 10 males and 10 females (age 8 weeks) were employed per group. The body weight of the rats was 273 ± 28 g (248 ± 27 g after fasting) for the males and 181 ± 18 g (167 ± 17 g) for the females, in the mice, 34·6 ± 1·6 g (27·5 ± 1·6 g) for the males and 26·7± 1·5g(22·0± 1·3 g) forthe females. The rats were housed in groups of 5 and the mice in groups of 10 in standard shoebox wire-mesh cages (floor space per cage about 800 cm 2 ). A standardized dry pelleted diet (CE 2; Clea Japan Inc.) and fresh tap water from drinking bottles were fed ad libitum. For fasting, diet was withdrawn at 1600, 17-20 h before administration of the test substance. The animal laboratories were maintained at 22 ± 1°C and at 60 ± 5% relative humidity. Ventilation was 16 changes per hour and the light intensity was about 30 lux with a schedule of 12 h light: 12 h dark (from 0600 to 1800).
The animals were checked for clinical signs and the findings were recorded at 5, 15 and 30 min and I, 3 and 6 h after dosing. Thereafter, during the entire experiment, all animals were checked daily for state of health and behaviour.
Animals which died spontaneously during the study and survivors killed at the end of the 14-day observation period were autopsied and the findings recorded. The LDso was calculated by the method of Litchfield & Wilcoxon (1949) . Dose effect lines of both sexes were studied for parallelism and potency ratio.
Blood samples were taken during halothane anaesthesia from 15 fasted male and 15 fasted female untreated rats by puncture of the retrobulbar venous plexus, the serum separated by centrifugation, and clinico-biochemical parameters investigated (Tables I  and 2 ) and compared with values from fed rats. Bodyweight, liver weight, and water intake were also studied in these groups. At necropsy the left lateral lobe of the liver was fixed in 7% formalin, embedded, sectioned, mounted and stained with haematoxylin and eosin, pieces fixed with Carnoy solution were used for the periodic acid-Schiff reaction, and fixed frozen sections stained with fat red 7B. Students t-test was applied to the values recorded.
Results
In both sexes the bodyweight of fasted rats decreased about 10% and the weight of the liver about 32% when compared with rats allowed tv feed normally. Water consumption decreased by 45%, the decrease showing individual differences between 1 and 100%, Serum aspartate aminotransferase (GOT) increased significantly in females; chloride was slightly increased; alanine aminotransferase (GPT), alkaline phosphatase (AP), glucose and urea nitrogen were markedly decreased.
Among haematological values, haemoglobin(Hb), erythrocytes (RBC) and haematocrit (Ht) showed a moderate increase, while leucocytes (WBC) were distinctly decreased. All these deviations were statistically significant (Tables 1 and 2). In the histological examination of the liver froin fasted rats a decrease in the glycogen content of hepatocytes and a marked peripheral fatty change in the lobule was observed.
After giving the test substances, clinical signs were comparable between fed and fasted animals, except that they were somewhat delayed (about 10 min) in fed rats given bunitrolol, propantheline or pirenzepin and in fed mice given bunitrolol or pindolol. The blue metabolite of pindolol appeared in the urine of fed mice after 1 h, but in fasted mice after 30 min. This difference in time course of excretion was not observed in rats (in both groups after 1 h). Death was also delayed in fed rats given fenoterol or orciprenaline and in fed mice given bunitrolol or pindolol. A delay in recovery was observed in fed rats given fenoterol, orciprenaline or salbutamol. For example, fasted rats given orciprenaline had recovered from clinical signs after 3 h, fed ones after 48 h. At necropsy of fasted rats which died after fenoterol, orciprenaline, salbutamol, pirenzepin or propantheline, gastrointestinal mucosal irritation was seen: it was no", seen in fed rats given these substances.
Acute oral toxicity was higher in fasted than in fed rats and mice, as shown by the ratio fed :fasted. This was 1-1· 5 after pindolol and pirenzepin in rats, about 2 after salbutamol and propantheline in rats and after pindolol in mice, about 3 after orciprenaline in rats and bunitrolol in mice, and about 4 after fenoterol and bunitrolol in rats. The differences between fed and fasted were significant except in female rats given pirenzepin. Dose effect lines of all test substances were parallel for fed and fasted animals. There were no sex- 
Significantly different: •• P < 0·0 I. (Table 3 ).
No differences in LD 50 values, clinical signs, time of death and recovery, as well as bodyweight increase, were observed between fed and fasted rats given bunitrolol intraperitoneally.
Discussion
The order of the fed: fasted ratio of LD 50 values in rats was pirenzepin < pindolol < propantheline < salbutamol < orciprenaline < fenoterol < bunitrolol, and was in the range 1·3-4·7 (Table 3) . Clinical signs and the distribution of deaths were comparable. However, the period during which fed rats recovered from clinical signs was generally more prolonged when compared with fasted animals. At necropsy, inflammation of the gastrointestinal mucosa was found in fasted rats which died after various test substances, but never in fed rats. Irritation of the gastric and intestinal mucosa might be influenced by the filling of the stomach. Harding, Morris & Doan (1979) found thickening of the gastric mucosa and accumulation of 
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an abnormally large population of older, perhaps more vulnerable, surface epithelial cells in fasted rats. The differences in acute toxicity between fed and fasted animals may be explained by the absorption rate which depends on the fining of the stomach and the influence of gastrointestinal content on bioavailability, by changes in liver function, and by the general changes of blood composition in fasted
Kast & Nishikawa animals. Contrary to the situation in other mammals, fasting overnight is particularly effective in rats older than 7 weeks which are feeding mainly during the dark, from 1700 to 0600 (Siegel & Stuckey, 1947; Karle, 1978) . Gastric emptying of drugs is an important factor in gastrointestinal absorption and influences acute toxicity. According to Watanabe et al. (1977) , the gastric emptying rate constant after oral administration is increased in fasted rats. Rominger & Pollmann (1972) have shown that in fasted dogs the serum level of fenoterol increased very quickly to a maximum twice that of fed dogs. The speed of fenotero\ conjugation slowed in fasted dogs. Short-term fasting, as used in this study, may not markedly influence the ability of the intestinal mucosa to absorb, although the 22% decrease of alkaline phosphatase, which is predominantly of intestinal origin (Saini & Posen, 1969) , may indicate a lowered enzyme activity of intestinal mucosa cells. Long-term fasting for more than 24 h is said to depress mucosal fluid transfer and intestinal absorption (Diamond, Doluisio & Crouthamel, 1970; Komuro, Kitazawa & Sezaki, 1975; Kitazawa & Komuro, 1977) .
It is also known that the bioavailability of drugs is more or less influenced by the gastrointestinal content (Forth, Henschler & Rummel, 1975) and that the stress of intermittent or partial starvation increases absorption (Dowling, 1967) . Fasting had no or only a slight effect on LD~o values of pirenzepin and pindolol. The absorption rate of pirenzepin is low (Hammer et aI., 1977) , while pindolol is very quickly absorbed and has a low LD~o of 420/410 in M/F in fed rats. The fed and fasted rats both excreted the blue pindolol metabolite indigoid (Maruyama, Kawai, Katano, Takahashi & Matsuda, 1970 ) after 1 h. In mice the fed: fasted ratio was markedly higher than in rats, and fasted mice excreted blue urine after 30 min. Proprantheline has initially a fast rate of absorption; thereafter, however, the absorbed drug itself is effective in decreasing gastrointestinal absorption (Hurwitz, Robinson & Herrin, 1977; Vose et al., 1978) . The other 4 drugs in the order of the fed: fasted ratio are all well absorbed.
In fasted rats the absolute liver weight decreased 32% and the GPT activity in serum about 20%. The histological findings of low glycogen and fatty change in the liver of fasted rats are well known (Babcock & Cardell, 1975) . Cornish & Ryan (1965) as well as Pessayre et al. (1979) have shown in rats that fasting may alter the metabolization and enhance the hepatotoxicity of drugs that are normally detoxified. Starvation may well affect glucuronization of drugs by a reduction in hepatic glucuronic acid (Kato, 1977) .
Among the test substances used in this study, only pirenzepin is very poorly metabolized in rats or mice (Hammer e/ al., 1977) . The breakdown of pindolol takes place in the liver and the other 5 test substances are glucuronized in the liver (Martin, Hobson & Page, 1971 : Rominger & Pollmann, 1972 : Dengler & Hengstmann, 1976 Rikihisa, Toyama, Mori & Suzuki, 1978) .
In fasted rats the intake of water decreased to only 45% of the intake offed controls, and the haemoglobin and haematocrit values increased by about 6%. Biochemical values were also changed; the values in this experiment were comparable with those found by Apostolou, Saidt & Brown (I976) in rats fasted overnight.
The main reason, for the different acute oral LDso values between fed and fasted animals is considered to be an increase in intestinal absorption due to the increase in gastric emptying rate. Stockhaus & Wick (1969) have shown that intraduodenal administration of a quaternary ammonium compound markedly decreases LDso values in comparison with values obtained by gastric intubation. The role of the liver seems not to be of importance because of the comparable effects of bunitrolol in fed and fasted rats when dosed intraperitoneally.
Compounds administered intra peritoneally are absorbed primarily through the portal circulation and, therefore, must pass through the liver before reaching other organs (Lukas, Brindle & Greengard, 1971) .
The results of this study show that one should carefully consider the use of overnight-fasted rodents in oral acute toxicity. For the doubtful advantage of eliminating influences on toxicity by factors related to the food, the test sytem has a distinctly increased absorption rate, with resulting unjustified higher toxicity values for many compounds.
